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Abstract

Chronic effects such as reproduction and population dynamics with elevated CO; concentration were evaluated using two
representative marine benthic species, copepod (Zisbe sp.) and amphipod (Monocorophium acherusicum) adopting long-term
exposure. Juvenile copepod and amphipod individuals were cultivated in the seawater equilibrated with control air (0.395
mmol CO/air mol) and high CO, air having 0.998, to 3.03, 10.3, and 30.1 mmol COy/air mol during 20 and 46 days,
respectively. After the exposure period, the number of benthic invertebrate was counted with separate larval and juvenile stage
such as naupliar, copepodid and adult for copepod, or neonate and adult for amphipod, respectively. The individual number of
both test species at each life-stage was significantly decreased in seawater with 10.3 mmol CO,/air mol or higher. Recently, the
technology of marine CO, sequestration has been developed for the reduction of CO, emission, which may cause climate change.
However, under various scenarios of CO, leaks during the injection process or sequestrated CO» in marine geological structure,
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the potential risk to organism including various invertebrates can be expected to exposure. So the results of this study
suggested that the detailed consideration on the adverse effect with marine ecosystem can be prerequisite for the marine CO»

sequestration projects.
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Fig. 1. A set of experimental equipment consisting of 5 parts
(aerator for CO, aeration, water pump, distributor,
CO; exposure chamber, and temporary chamber for
checking water quality) for CO, exposure of marine
benthic invertebrate.
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Fig. 2. Detailed structure of CO, exposure chamber for

marine benthic invertebrate.
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Table 1. pH value of overlying water in various ranges of dissolved CO, concentrations for 20-d sediment toxicity tests

CO; pH

Treatment Concent.ratlon Initial 1 week 2 week Final Average S.D
(mmol/air mol)

Control 0.395 7.97 8.01 7.99 7.99 7.99 0.02
X3 0.998 7.72 7.63 7.62 7.70 7.67 0.05
X10 3.03 7.40 7.25 7.30 7.35 7.33 0.06
X30 10.3 6.97 6.81 6.79 6.95 6.88 0.09
X100 30.1 6.59 6.55 6.64 6.65 6.61 0.05
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Fig. 3. Number of individuals of Tisbe sp. exposed to various ranges of dissolved CO, concentrations in seawater. Error bars
indicate standard deviations (N=4). Values with the same character showed no significance (ANOVA, p>0.05).



364

o Alsiaint th7] 5 olitehetas F e el i
40.395 mmol COy/air mol, 0.04 %)°]|A] Naupliar2}
copepodid 54y, adult®] B+ 7fA|4= & 2088+807
npe] &2 20 47e] uijeF7 IRt 54 oF 2008 7k St
o 702 YERthFig. 3). T3 X33 X10 A9t
A AR} oF 1808) 7} Z7ier Aok B,
BAHoR thxTel g3k Aol Qioitk shAat
X303+ X100 AR HF B ARt 22t
328+172, 168+48 1}a]& t)z7o]| H]slo] 92517
2| ch(Fig. 3). = AL EA| 9] 27157+ Duncan
test A3} X303} X100 Aol A A7 ol 5HA
AL Ao Z e} 10.3 mmol COy/air mol ©]4+2]
7k azkRel WAl RAAQ dRe 29088
o 4 9leith EHHOR Copepodid TS 49
0.9983} 3.03 mmol COy/air mol ZZAAE tjZ+
ol 215171 4& A48 BThFig. 3).

HieF AE F= AlRlolA 2457 Al 7HA] AZAL ¢
Alo] A=t F A= gt oAbkt s F e
FFE FAREH(ANOVA) 23} o7t Aoz Let
W%t} (Table 2).

= - FHEA - AR

oA - uegt - B2
3.3. MMH

A (adult) 2 o] AlG=atATt oA o™
A} A o] Bt A= ZF2 103+15.7, 18+1.0
AR om, SzhRo] 715 el & o, 2T
Aol A ] Al iR ATE AIRA] Wolold
WA EZ Hetect.

UzkE AR9] 4= X30 Aot S-2)5H
Wt ar, YA A 27t {23t o]
£ Holx] gFUth(Fig. 4). sHANE T2t of e 7)Ao
Bt WA G o)AkElERA B% 71 10.3 mmol COy/air
mol O]/l 739 F-olotA Fadh= A BAlck
(Fig. 4). T2 o1 7iA| et A A o] 4k 7HAIG= o
&l 7HA| o] A4 AR 7 RS H el

HjgF A T8 AlFollA] TR = 7HA] AL
A9 A=t F A=l T ojAkER A FE
9] FFF2 FAREA(ANOVA) At F-o5k 2 o & U
E}dc) (Table 3).

Table 2. Summary of the analysis variance (ANOVA) for the test parameter of Tishe sp. at the end of exposure to various

concentration of CO,

Test parameter Condition Sum of Squares df Mean Square F value Probability

Naupliar Between Groups 1.5E+06 4 3.8E+05 12.31 .000
Total 2.0E+06 19

Copepodid Between Groups 2.5E+06 4 6.3E+05 24.14 .000
Total 2.9E+06 19

Adult Between Groups 9.4E+05 4 2.4E+05 10.88 .000
Total 1.3E+06 19

Total Between Groups 1.3E+07 4 3.4E+06 22.68 .000
Total 1.6E+07 19

Table 3. Summary of the analysis variance (ANOVA) for the test parameter of M. achrusicum at the end of exposure to

various concentration of CO,

Test parameter Condition Sum of Squares df Mean Square F value Probability
Between Groups 2.2E+04 4 5.4E+03 6.97 .006
Neonate
Total 2.9E+04 14
Between Groups 9.1E+01 4 2.3E+01 6.44 .008
Adult
Total 1.3E+02 14
Total Between Groups 2.4E+04 4 6.0E+03 7.77 .004
otal
Total 3.2E+04 14
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Fig. 4. Number of individuals of M. acherusicum exposed to various ranges of dissolved CO, concentrations in seawater. Error bars
indicate standard deviations (N=3). Values with the same character showed no significance (ANOVA, p>0.05).
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